Intense pulsed-laser fields have provided means to both induce spatial alignment of molecules and enhance strength of chemical bonds. The duration of the laser field typically ranges from hundreds of picoseconds to a few femtoseconds. Accordingly, the induced "laser-dressed" properties can be adiabatic, existing only during the pulse, or nonadiabatic, persisting into the subsequent field-free domain. We exemplify these aspects by treating the helium dimer, in its ground (X 1 Σ + g ) and first excited (A 1 Σ + u ) electronic states. The groundstate dimer when field-free is barely bound, so very responsive to electric fields. We examine two laser realms, designated (I) "intrusive" and (II) "impelling." I employs intense nonresonant laser fields, not strong enough to dislodge electrons, yet interact with the dimer polarizability to induce binding and pendular states in which the dimer axis librates about the electric field direction. II employs superintense high-frequency fields that impel the electrons to undergo quiver oscillations, which interact with the intrinsic Coulomb forces to form an effective binding potential. The dimer bond then becomes much stronger. For I, we map laser-induced pendular alignment within the X state, which is absent for the field-free dimer. For II, we evaluate vibronic transitions from the X to A states, governed by the amplitude of the quiver oscillations.
Intense pulsed-laser fields have provided means to both induce spatial alignment of molecules and enhance strength of chemical bonds. The duration of the laser field typically ranges from hundreds of picoseconds to a few femtoseconds. Accordingly, the induced "laser-dressed" properties can be adiabatic, existing only during the pulse, or nonadiabatic, persisting into the subsequent field-free domain. We exemplify these aspects by treating the helium dimer, in its ground (X 1 Σ + g ) and first excited (A 1 Σ + u ) electronic states. The groundstate dimer when field-free is barely bound, so very responsive to electric fields. We examine two laser realms, designated (I) "intrusive" and (II) "impelling." I employs intense nonresonant laser fields, not strong enough to dislodge electrons, yet interact with the dimer polarizability to induce binding and pendular states in which the dimer axis librates about the electric field direction. II employs superintense high-frequency fields that impel the electrons to undergo quiver oscillations, which interact with the intrinsic Coulomb forces to form an effective binding potential. The dimer bond then becomes much stronger. For I, we map laser-induced pendular alignment within the X state, which is absent for the field-free dimer. For II, we evaluate vibronic transitions from the X to A states, governed by the amplitude of the quiver oscillations. He 2 dimer, in its ground electronic state and field-free, is extremely fragile. Although its potential energy curve has appreciable well depth (Fig. 1A) , the vibrational zero-point energy is nearly equal. Hence, the sole bound vibrational state lies only slightly below the separated atoms asymptote. The vibrational wavefunction thus extends far beyond the classical turning point, making the dimer extremely bloated. Its average internuclear distance is about 20× longer than that at the well minimum. With 80% probability, the two nuclei of the dimer reside outside the classically forbidden region. Determining accurately these properties has been a 25-y odyssey that led to exquisite advances in both theory (1) (2) (3) and experiments (4) (5) (6) (7) (8) . A kindred subfield has developed, which treats "long-range" diatomic molecules, weakly bound in vibrational states that lie not far below the dissociation asymptote (9) . Such states qualify as "quantum halos" as the vibrational wavefunction tunnels far into classically forbidden regions (10) . Recently, the He 2 ground-state halo wavefunction has been imaged with remarkable accuracy by extraordinary experiments using a Coulomb explosion technique (8) .
Further field-free micro-and macroscopic properties of the ground X state of He 2 have been studied (11) . Also, field-free spectra have been obtained for several excited electronic states, particularly the A state (12) . Previous theoretical work, applying superintense pulsed-laser fields (realm II) to ground-state He 2 has predicted formation of a strong chemical bond (13) (14) (15) . However, the induced bond exists just during the pulse duration and experimental confirmation is as yet lacking. Here we treat theoretical aspects that bring out features amenable to experimental observation. These include treating less intense laser fields (realm I), which can provide pendular alignment and spectra (16) (17) (18) (19) (20) , and treating the A state in addition to the X state (in realm II) to obtain vibronic spectra.
Unless explicitly otherwise, we use atomic units: 1 a. ; and for laser frequency 6.58 × 10 15 Hz, corresponding to wavelength of 45.5 nm.
Realm I: Laser Interactions with Molecular Polarizability
In this realm, the external laser field is less strong than the internal Coulombic forces that govern the electronic structure within a molecule. Laser fields then perturb the electronic structure of a typical molecule chiefly via its polarizability (16) (17) (18) (19) (20) (21) . For a nonpolar diatomic molecule with polarizability components α jj and α ⊥ parallel and perpendicular to the molecular axis, subjected to plane-wave radiation of nonresonant frequency ω with electric field strength, « = « 0 cosωt, the interaction potential is
Here gðtÞ is the time profile of the laser pulse with peak intensity I = « 2 . For a Gaussian profile, gðtÞ = exp½−4lnð2Þt 2 =τ 2 , the full width at half maximum τ is termed the pulse duration. For
Significance
Intense electric fields, provided by pulsed lasers, can profoundly alter the electronic structure of atoms and molecules. For the helium dimer, we carry out a theoretical study of laser interactions in two realms: (I) fields not strong enough to dislodge electrons, but interact with the anisotropic polarizability to induce spatial alignment of the molecular axis; and (II) superintense, high-frequency lasers that impel electrons to undergo quiver oscillations that interact with the intrinsic Coulomb forces and induce an extremely strong chemical bond. By including in II an excited electronic state, we bring out features amenable to experimental observation that has been lacking. nonresonant frequencies much greater than the reciprocal of the laser pulse duration, ω 1=τ, averaging over the pulse period converts « 2 to « 2 0 =2. The dependence on the angle θ between the molecular axis and the electric field direction is governed by the anisotropy Δα = α jj − α ⊥ of the polarizability. The term Δαcos 2 θ introduces an equatorial barrier that quenches rotation but allows the molecular axis to undergo pendular libration about the electric field direction. The internuclear distance R enters implicitly as a parameter in the polarizability components. Also, we note that spectra governed by molecular polarizability have the same selection rules as the Raman effect (22) ; for a diatomic rotor, ΔJ = ±2,0.
Before outlining calculations, we exhibit results for the ground-state helium dimer, resulting from Eq. 1, the interaction potential. Fig. 1 contrasts laser-induced changes ( Fig. 1 B and C) in radial vibrational potential energy curves with the field-free case (Fig. 1A) . The well depths are substantially deepened, along with consequent lowering of the sole bound level, which is properly designated a pendular-vibrational level (dashed blue). That lowering is accompanied by retreating of the probability distributions of the bond length. The radial potential curves and "penvib" levels shown incorporate θ, the alignment angle. Fig.  2A displays the dependence of the polarizability components on the internuclear distance. Fig. 2B exhibits the angular barrier imposed by the anisotropy of the polarizabilty, via Δαcos 2 θ. Fig.  3 presents 2D potential energy surfaces and wavefunctions to bring out the joint dependence of angular alignment along with the internuclear distance. Fig. 4 shows the dependence on the laser intensity (in Fig. 4A ) of the penvib levels and (in Fig. 4B ) of . In B and C, the radial curves shown pertain to θ = 0°, whereas the penvib levels incorporate ranges of both R and θ; see Fig. 3 and Table 2 . hcos 2 θi and the pendular alignment range, Δθ, which narrows as the laser intensity is increased.
Incorporating the interaction potential requires treating the full Hamiltonian,
wherein the vibrational and rotational terms have the familiar field-free form:
with μ ð=m He =2 = 3,675 a.u.Þ the reduced mass, V 0 ðRÞ the fieldfree radial potential, and B = 1=ð2 μR 2 Þ the rotational constant. To obtain the penvib states from Eq. 2, we applied a stepwise iterative method.
Step 1 sets cos 2 θ and J 2 as zero, temporarily. Then R is the only variable, so a radial wavefunction Ψ R is readily obtained by conventional means. In step 2, a given R is taken as constant with θ and J 2 variable, and a pendular wavefunction Ψ θ is obtained. The process is repeated for many values of R. In step 3, the product Ψ R Ψ θ is used to calculate the expectation values hcos 2 θi and hJ 2 i and the energy levels. These are inserted into the full Hamiltonian and the whole procedure is iterated until the quantities obtained in step 3 converge; typically seven or eight iterations yield six-digit agreement.
The laser pulse duration has a key role (19) (20) (21) . Fig. 5A displays the variation with laser intensity of the helium dimer rotational period π=B along with contrasting shorter and longer pulse durations. Also shown is the constraint imposed by the ionization half-life T 1=2 as estimated from atomic helium data (23) . For example, for I ∼ 0.01 a.u., π=B ∼ 25 ps and T 1=2 ∼ 10 ps. The designated pulse durations π=5B and 5π=B approach limits: nonadiabatic and adiabatic.
If the pulse is much shorter than π=B, the molecule is left in a coherent superposition of rotational eigenstates. Such an impulsive pulse can yield nonadiabatic behavior: The molecule retains the imparted pendular alignment and angular momentum after the laser pulse has passed. For He 2 , due to its extremely weak bond, the impulsive pulse can result in dissociation from "shaking" or "kicking" imposed by the centrifugal angular momentum (24) (25) (26) . This situation has been recently experimentally demonstrated (27) . Such dissociation can occur whenever vibrational motion is unperturbed or slightly so, and the retained centrifugal energy exceeds the gap between the highest field-free vibrational level and the dissociation asymptote.
If the laser pulse is much longer than π/B, the molecule is adiabatically guided into pendular states but emerges from the pulse unchanged from the initial field-free state. Hence, the induced penvib states need to be observed midway in the pulse via a pump-probe technique. However, a hybrid technique is available (21, 28) . The laser field can be adiabatically turned on, producing the penvib states, then suddenly turned off. The adiabatically prepared states can then dephase and rephase to form the same revival output that would be obtained from an impulsive pulse.
As shown in Fig. 5B , with increasing laser intensity depletion by ionization sets in much more drastically for the adiabatic and hybrid modes than for the impulsive mode. Up to I = 0.005 a.u., the dimer molecules that survive ionization are estimated to exceed 90% for all three pulse modes. But, by I = 0.010 a.u. the % for the adiabatic and hybrid modes, yet holds up to ∼60% for the impulsive mode. Furthermore, at I = 0.015 a.u. the impulsive survival remains at ∼15%. Since ionized molecules can be readily deflected away, the surviving molecules can be readily recorded down to 1%, so the practical border for realm I occurs near I = 0.008 a.u. for the adiabatic mode and beyond I = 0.020 a.u. for the impulsive mode.
The laser-induced properties of He 2 predicted in Fig. 4 thus are accessible for the impulsive mode. The j000i penvib level is lowered enough by the laser interaction to offset the extra centrifugal energy, thus avoiding dissociation. Likewise, the j021i level also becomes bound when the laser intensity climbs above 0.013 a.u. (The j020i and j022i levels remain unbound until the laser intensity exceeds 0.030 a.u.) The transition between j000i and j021i levels offers a compelling test. It occurs in the millimeter wave region, ranging from 6-11 cm −1 (180-330 GHz) for laser intensity from 4-7 × 10 14 W=cm 2 (0.01-0.02 a.u.). Suitable probe lasers for this region are available (29) . Lower limit of probe pulse duration ranges from 3 to 5 ps. The alignment of the dimer axis, recorded by hcos 2 θi, provides another test, accessible by particle-imaging techniques (30) .
Realm II: Laser Disruption of Electronic Structure
In this realm the laser field is superintense, comparable to the intrinsic Coulomb binding forces, and well above the threshold for ionization. However, theory and computer simulations predict that in this regime the ionization probability decreases as the laser intensity increases (31) (32) (33) . This apparent paradox occurs because the laser-dressed molecule acquires an effective binding potential for the electrons by interaction of the rapidly oscillating laser field with the Coulombic potential. The stabilization against ionization even extends to multiply charged anions of hydrogen (34) and anions of other atoms (35) (36) (37) , as well as positronium (38) and some simple diatomic molecules (13) (14) (15) 39) . Even more striking is a theoretical demonstration, using a carefully devised laser dressing that counteracts Coulombic repulsion, to form a metastable HD 2+ molecule (40) . That emulates a juggler, balancing a stick on the tip of a finger. Kindred stabilization effects appear in the inverse pendulum of Kapitza (41) , in the Paul mass filter (42) , and Hau (43) guided matter waves.
The stabilization regime depends on the laser frequency, as well as the laser intensity. When the quiver oscillations of electrons driven by the laser field become dominant, a juggler-like procedure termed high-frequency Floquet theory (HFFT) has provided a good approximation for time averaging (31) (32) (33) . As a small molecule, such as He 2 , is miniscule compared with the wavelength of the laser light, each of its electrons is subject to the same laser field. All then undergo synchronously quiver oscillations, aðtÞ = α 0 cosðωtÞê, [4] along the electric field vector (for linearly polarized lightê is a unit vector orthogonal to the propagation direction). The maximum quiver amplitude is α 0 = E 0 =ω 2 , with ω the frequency and E 0 = I 1=2 the field amplitude. The HFFT procedure is simplified by adopting a reference frame attached to the quivering electrons, designated the Kramers-Henneberger (KH) frame (44, 45) . It is translated by aðtÞ with respect to the laboratory frame. Hence, in the KH frame the electrons all remain fixed, while instead the nuclei quiver along the aðtÞ trajectory. Thereby the Coulombic attraction between any electron and a nucleus with charge Z takes the form −Z=jr i + αðtÞj. The electrons then feel a time-averaged effective attractive potential, the "dressed" potential, given by
where the time average extends over one period of the laser field. There are higher-order frequency-dependent corrections to the dressed potential, which are proved to be small and can be neglected at high frequencies (36) . The HFFT version of the time-independent electronic Schrӧdinger equation, in accord with the Born-Oppenheimer approximation for a homonuclear diatomic molecule, has the familiar form for a field-free molecule, except for replacing the electron-nucleus terms with the dressed KH potential terms:
The laser intensity and frequency thus appear only in the KH terms and enter only via the quiver amplitude. The energy eigenvalues e ðNÞ ðα 0 , RÞ and wavefunctions Φ are functions of the number N of electrons, the quiver amplitude α 0 , and the internuclear vector R, both its magnitude and its angle θ from the electric field direction. Computational details in evaluating the KH integrals of Eq. 6 are described in previous papers (13) (14) (15) . We inserted the integrals obtained in ref. 13 into the standard GAMESS program package (46) and employed conventional Hartree-Fock orbitals (restricted Hartree-Fock, RHF, rather than unrestricted HF). For the range of quiver amplitudes that we treated, α 0 ≤ 2, comparisons with accurate numerical calculations verified that this procedure was adequate for the ground electronic state, X 1 Σ + g . In treating the first excited electronic state, A 1 Σ + u , we augmented the RHF orbitals with a single configuration interaction (CIS) approximation (47) . The CIS method is considered to provide a well-balanced description for one-electron exited states compared with an HF ground state.
The pair of KH terms in Eq. 6 can be viewed (48) as the electrostatic potentials generated by two lines of positive charge, depicted in Fig. 6A , each of length 2α 0 , parallel to the electric field vector and centered on the nuclei at ±R=2. The electrons hence are attracted to the "smeared-out" lines of the nuclear charges and are most attracted to the quiver endpoints at ±α 0 . Consequently, superlaser intensities induce the electron distribution to exhibit dichotomy (49) . The dressed Coulombic potentials cluster electrons near the quiver endpoints, as if they were a pair of virtual nuclei separated by 2α 0 . For He 2 , the dichotomy is feeble for α 0 ≤ 0.2 and modest for quiver amplitudes below α 0 ≤ 2. At larger amplitudes, the lobes become more widely spaced and foster stabilization by decreasing the ionization rate.
The eigenvalues of Eq. 6 provide the dimer potential energy surfaces: V ðα 0 , R, θÞ. A striking feature, seen in Fig. 6B , is that for Fig. 6. (A) "Lines of charge" generating the effective potential acting on each electron in the V KH terms in Eq. 6. These line segments of length 2α 0 are parallel to the laser polarization along the z axis (toward unit vector e of Eq. 4) and centered on the nuclei at ±R/2. The internuclear vector R is directed at angle θ from the z axis, here drawn with the azimuth ϕ = 0 about the z axis (eigenproperties do not depend on that uniform angle). (B) Variation with θ of potential well depth: Vðα 0 , R m , θÞ = e ð4Þ ðα 0 , R m , θÞ − e ð4Þ ðα 0 , ∞, θÞ, from eigenvalues of Eq. 6, for X (red) and A (blue) states and for different quiver amplitudes α 0 = 0.2, 0.5, 1.0, 1.5 and 2.0 a.u., respectively. Dots indicate, for the lowest penvib levels, the pendular range of the dimer axis at the radial minimum, R m .
both the X and A states the pendular angular range of the dimer axis is constrained within less than ±10°when α 0 = 0.5 and less than ±5°when α 0 ≤ 1, for the lowest penvib levels and R = R m , the potential minimum. Hence, in exploring the KH regime, we usually just set θ = 0. The potential energy surfaces shown in Fig. 7 have set θ = 0 in the upper panels but not in the lower panels. The most dramatic aspect is that with α 0 ∼ 1-2 a.u., chemical bonding is drastically enhanced. That had been found previously for the X state (13) (14) (15) . The A state has substantial bonding when field-free, but we find it also is much enhanced. The results for both X and A states were computed numerically, but the potential curves VðR, θ = 0Þ fit tolerably well to the Morse potential, V ðRÞ = D e e −2βðR−ReÞ − 2e −βðR−ReÞ .
[7] Table 1 lists the three fitted parameters: β; D = V ðR m Þ, the well depth; and R m , the location of its minimum. For α 0 = 2 a.u., taking the bond strength as about equal to the well depth expressed in a familiar chemical unit, the bonds D X = 1,300 and D A = 1,600 kJ/mol are extremely strong. Also notable is the large lowering of the asymptote for separated atoms for the A state compared with the X state. In the eigenenergies obtained from Eq. 6, the laser intensity and frequency enter only via the quiver amplitude, α 0 = ffiffi I p =ω 2 , but the HFFT criteria (31) impose upper and lower bounds on the pump laser frequency:
The upper bound is required to ensure that both the dipole approximation holds (radiation wavelength large compared with 2α 0 ) and a nonrelativistic treatment suffices (maximum quiver speed much lower than the speed of light). The lower bound requires that the field must oscillate much faster than electron motion within the molecule. This is specified by an average excitation energy in the field (48) , usually estimated by the energy eigenvalue that appears on the right-hand side of Eq. 6 divided by the number of electrons in the molecule (N = 4). As displayed in Fig. 8 , the lower bound evaluated at R m is similar for the X and A states. For the laser intensity, estimates have been made for the X state of ω = 10 at α 0 = 1.0 (50) and ω = 4 at α 0 = 2.5 (15), but for the A state no estimate is available. Here we presume both states are roughly similar and simply exhibit ω = 5 and 10 (dashed red lines), which are well above the lower bound and below the upper bound, provided that α 0 does not exceed 2 or 3. The corresponding laser intensity (dashed blue curves) increases strongly with increase of the quiver amplitude and even more strongly with the frequency. Consequently, e.g., if α 0 = 1 and ω = 10, the requisite laser intensity should be 10 4 a.u. = 3.5 × 10 20 W/cm 2 with wavelength λ = 45.5=ω = 4.5 nm. Such properties can be attained from X-ray free-electron lasers, now accessible in several large facilities (51) . Also, promising results obtaining coherent X-rays from high-harmonics generation have emerged from table-top experiments (52) .
Illustrative Franck-Condon vibronic transitions between the X and A states are shown in Fig. 9 , for α 0 = 0.5 and α 0 = 1. As seen in Fig. 7 and Table 1 , for α 0 = 0.5 the radial potential of the X state near R ∼ 2 is steeply repulsive below a deep well in the A state. Hence, there occurs an internal photodissociation. The emitted transition from v A = 0 reflects from the steep X wall, dissociates the dimer, and travels away as a continuous wave. The atoms fly apart, sharing the kinetic energy, which arises from the height of the impact point on the X potential above the exit asymptote. In contrast, near R ∼ 4 the X state has a modest well, so either an absorption or emission transition connects the v X = 0 level to the turning point of v A = 17, among other A vibrational levels. For α 0 = 1, the X state has acquired a deep well near R ∼ 2 that aligns with the A state well, so both states offer transitions between ladders of discrete vibrational levels.
Our prime interest in the transitions between X and A is considering experiments that can confirm the KH Floquet approach. Much depends on the photoionization lifetime. Theoretical calculations (50) for the X state, when α 0 ≈ 1 and ω = 10 at fixed R = R m , found the lifetime reached 1 ps at maximum but is very sensitive to R and decreases drastically away from R m . The lifetime drops to a few femtoseconds for vibrational states. Also, except for the v X = 0 level, transitions (mid-IR region) between the adjacent vibrational state levels were overcome by broadening. In the much larger electronic transitions between X and A (UV region) the lifetimes allow distinct vibrational levels. As seen in Fig. 7 , with increasing α 0 > 0.7, the energy gap between the X and A potential surfaces decreases markedly. That change should provide clear evidence for KH dressing, available from either an absorption or emission discrete spectrum.
A complementary aspect, with decreasing α 0 < 0.7, pursues continuum emission spectra between the A and X potential surfaces, as depicted in Fig. 10A . The field-free spectrum, for α 0 = 0, is centered at 130 × 10 3 cm −1 . It was observed nearly a century ago among UV continuum bands and soon identified as primarily from the A 1 Σ + u state and named for Hopfield (53) . For α 0 = 0.5, the continuum band becomes centered at 70 × 10 3 cm
. Such a large shift in the spectrum offers a direct experimental test of the KH process. Moreover, the accompanying dissociation of the dimer liberates kinetic energy, as displayed in Fig. 10B . That invites another experimental test, detecting trajectories of the emerging helium atoms by means of an imaging technique widely used for photodissociation and reactive molecular collisions (30) . At first blush, the predicted distribution of kinetic energy is not much different between α 0 = 0 and α 0 = 0.5, so the peak exit velocity of the He atoms should be similar. However, in our case of "internal photodissociation," the field-free A state delivers spontaneous emission, with a leisurely lifetime of 0.55 ns (53) . Instead, the KH regime is clearly distinct since it uses superintense lasers that deliver stimulated emission with a hasty lifetime below femtoseconds. 
Discussion and Outlook
In realm I, we considered the interaction of nonresonant laser fields with the polarizability of the ground electronic state ðX 1 Σ + g Þ of the helium dimer (Figs. 1-4 and Table 2 ). The fieldfree dimer has only one barely bound vibrational level; in kelvin units, it lies only about 10 −3 K below the He + He dissociation asymptote. The laser field enhances the molecular binding, but the sole level remains in the van der Waals range. For example, applying laser intensity of 3 × 10 14 W=cm 2 merely lowers the location of the sole level to about 10 K. However, such laser intensity interacting with the anisotropy of the polarizability constrains the dimer axis to pendular librating motion within ±27°, a rather narrow range (Fig. 4) . Accordingly, the sole bound level is appropriately designated penvib. Our chief concerns dealt with three issues mutually involved: (i) the key role of the laser pulse duration (Fig. 5); (ii) intrusion of ionization; and (iii) the centrifugal energy associated with the sole penvib level. The outcome, not anticipated, emerged that the laser interaction lowered the penvib level enough to offset the centrifugal input, hence avoiding dissociation.
In realm II, abundant theoretical work has adopted the KH approach since it emerged 50 y ago (45) . However, experimental confirmation for KH effects has been meager, limited mostly to Rydberg atoms until the recent decade (54, 55) . As yet, experimental affirmation is still lacking for molecules, particularly the helium dimer. Previous theoretical pursuits of KH dressing have all dealt with the ground electronic state, assessing bond energies, molecular orbitals, and vibrational and rotational levels (13) (14) (15) . We have introduced the excited electronic state ðA 1 Σ + u Þ to provide more accessible experimental tests with a wide range of discrete and continuum spectra (Figs. 6-10 and Table 1 ). In particular, the transitions between the X and A states occur in times much shorter than molecular rotation or pendular motion, so the transition dipole moment aligns with the electric vector of the light (56) . Accordingly, in the continuum spectra the laser polarization supplies a distinctive angular distribution of the departing atoms.
Realms I and II share the same experimental techniques in producing a molecular beam of the helium dimer and detecting it. In an elegant procedure, a pure helium dimer beam cooled to 8 K has been obtained by matter wave diffraction (8) . Also elegant is detecting the beam by ionizing singly the atoms, so the two positively charged atoms repel, resulting in a Coulomb explosion. Recording the momentum vectors of the ions provides velocity and directional data. The process was recently exemplified for the dimer field-free X state by imaging the wavefunction and binding (8) . It has been used also to study nonadiabatic alignment of the dimer (27) . The imaging process noted in our discussion of A-X internal photodissociation does not require a Coulomb explosion (30). These particle-imaging techniques can now cope with the continuum spectra while well-established pumpprobe techniques deal with the discrete spectra in elucidating the KH regime.
Methods
In realm I, a self-consistent stepwise iterative method was used to obtain the penvib states from Eq. 2. Radial and pendular parts of the equation were solved separately. In realm II, RHF and CIS methods were used to obtain potential surfaces of X 1 Σ + g and A 1 Σ + u states from Eq. 6. The method used for penvib states in realm II is the same as that in realm I.
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